TITLE 

METHOD FOR FILLING A CASTING APPARATUS 



BACKGROUND OF THE INVENTION 
This invention relates in general to a casting machine and in particular to 
a method of filling a mold cavity of such a casting machine to produce a cast 
article. Pressure pouring of the molten metal from a furnace to fill a mold cavity 
has been used for several decades despite a number of problems. At room 
temperature, the metal is solid and become fluid when melted with sufficient 
heat. When the metal becomes a fluid, it can become difficult to manage as it 
begins to assume fluid dynamic characteristics. 

It is known to use a low pressure countergravity casting apparatus to cast 
molten metal into a mold. One example of such an apparatus is described in U.S. 
Patent No. 5,215,141. Basically, in a low pressure countergravity casting 
apparatus, molten metal is supplied to a machine furnace. The machine furnace 
includes a supply conduit for introducing a gas under pressure into the machine 
furnace. As the gas is introduced into the machine furnace, the molten metal in 
the machine furnace is forced through a submerged feed tube, or evacuation 
conduit, into the mold. The evacuation conduit is commonly referred to as a 
stalk tube. The mold receives the molten metal through holes in the bottom of 
the mold. The molten metal in the mold cooling and hardening produces a cast 
article. A controller is used to adjust the pressure at which the gas is being 
introduced into the machine furnace. Thus, it can be seen that the machine 
furnace, the casting apparatus, and the mold are in fluid communication. 

One problem in managing the molten metal has been delivering it to the 
casting apparatus such that the molten metal does not produce a porous cast 
article. Pores can be formed in the cast article when the molten metal used to 



make the cast article encounters "surface turbulence" during the filling of the 
mold. Turbulence can cause encapsulation of air into the molten metal and 
produce undesirable oxides. The oxides are also produced as an encapsulated 
skin that can weaken the affected portion of the cast article. Thus, it would be 
desirable to provide an improved method for filling the mold cavity of the 
casting machine that reduces the amount of turbulence produced cast during the 
casting process. 

SUMMARY OF THE INVENTION 
This invention relates to a method for filling a mold of a casting machine 
to make a cast article. The method includes providing a molten metal to a 
casting chamber in fluid communication with the mold, the casting chamber 
having a supply conduit for introducing a gas into the casting chamber, and the 
casting chamber having an evacuation conduit for delivering the molten metal 
from the casting chamber to the mold. The method also includes controlling the 
filling of the mold during a first time interval by delivering the molten metal 
from the casting chamber to the mold at a first rate. The method further includes 
controlling the filling of the mold during a second time interval by delivering the 
molten metal from the casting chamber to the mold at a second rate. The filling 
of the mold decelerates from the first rate to the second rate and the second rate 
does not exceed the first rate. 



This invention also pertains to a method for filling a mold to make a cast 
article. The method includes providing a molten metal to a casting chamber, the 
casting chamber having a supply conduit for introducing a gas into the casting 
chamber, and the casting chamber having an evacuation conduit for delivering 
the molten metal from the casting chamber to the mold. The method also 
includes providing a transducer and a controller. The method further includes 
during a first time interval controlling the filling of the mold by introducing the 
gas into the casting chamber at a first rate, and during a second time interval 
controlling the filling of the mold by introducing the gas into the casting 
chamber at a second rate. The transducer sends a signal representative of the 
pressure in the casting chamber and the controller changes the filling of the mold 
from the first rate to the second rate. 

This invention also pertains to a method for filling a mold to make a cast 
article. The method includes providing a molten metal to a casting chamber, the 
casting chamber having a supply conduit for introducing a gas into the casting 
chamber, and the casting chamber having an evacuation conduit for delivering 
the molten metal from the casting chamber to the mold. The method also 
includes providing a desired fill profile for delivering the molten metal from the 
casting chamber to the mold. The method further includes detecting the pressure 
in the casting chamber and providing a controller and sending a signal 
representative of the pressure in the casting chamber to the controller. The 
method also includes changing the desired fill profile based upon the signal 
representative of the pressure in the casting chamber. 

Other advantages of this invention will become apparent to those skilled 
in the art from the following detailed description of the preferred embodiment, 
when read in light of the accompanying drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a schematic elevational cross-sectional view of a prior art casting 
apparatus. 

Fig. 2 is a sectional view of a portion of the casting apparatus illustrated in Fig. 
1. 

Fig. 3 is a graph illustrating a prior art filling method used to fill the casting 
apparatus illustrated in Fig. 1 . 

Fig. 4 is a graph illustrating a filling method according to the present invention, 
which can be used to fill the prior art casting apparatus illustrated in Fig. 1 . 
Fig. 5 is another graph illustrating the filling method according to the present 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
Molten metal may be added to a mold at differing rates at differing 
sections thereof in the production of a cast article. Economic considerations 
suggest that the mold should be filled with molten metal at a relatively quick rate 
so as to produce a cast article at a sufficient production rate. However, the filling 
of the mold too quickly can lead to a weaker and more porous section of the cast 
article, as described herein. Therefore structural considerations call for the mold 
to be filled at a selected rate of fill which is effective to produce a sufficiently 
strong and less porous section of the cast article. Therefore, the cast article may 
be filled with the molten metal at a selected first "slower" rate at those sections 
of the cast article where structural integrity is most crucial, such as those portions 
of the cast article that will bear more weight during use, and filled at a selected 
second "quicker" rate at those sections of the cast article where excessive 
turbulence does not occur. The selected first and second rates are dependent 



upon the particular geometry and structural requirements of the particular cast 
article that is to be produced. 

Referring no^v to Fig. 1, there is illustrated a low pressure countergravity 
casting apparatus, indicated generally at 10, in accordance with the present 
invention. Although this invention will be described and illustrated in 
conjunction withrthe particular low pressure countergravity casting apparatus 10 
disclosed herein/ it will be appreciated that this invention may be used in 
conjunction wi/h other types of casting apparatus. The general structure and 
operation of the low pressure countergravity casting apparatus 10 is conventional 
in the art. Thus, only those portions of the low pressure countergravity casting 
apparatus VO which are necessary for a full understanding of this invention will 
be explained and illustrated in detail. 

The illustrated low pressure countergravity casting apparatus 10 includes 
a mold 12, a reservoir 14. The casting apparatus includes a first supply port 50 
for supplying a molten metal 16 to a casting chamber 46, and a second supply 
port 64 for supplying a fluid to the casting chamber 46. The casting chamber 46 
contains the molten metal 16. The molten metal 16 may be molten aluminum or 
any other suitable type of metal. The casting chamber 46 also contains the fluid, 
preferably under pressure. The fluid may be air, nitrogen gas, or any other 
suitable compressible or non-compressible fluid. 

The illustrated casting chamber 46 is housed in the reservoir 14. The 
reservoir 14 is preferably a crucible furnace. The illustrated reservoir 14 
includes an outer shell 30, which is preferably lined with an inner insulating 
refractory liner 32. The outer shell 30 can be metal or any other suitable 
material. The refractory liner 32 supports the casting chamber 46 therein. In the 
illustrated embodiment, an insulated cover 40 is positioned to assist in 
maintaining the molten metal 16 to within a desired temperature range in the 



casting chamber 46. The cover 40 also preferably seals the casting chamber 46 
air tight for a purpose to be discussed below. 

The reservoir 14 may also include an access opening or door 3 1 . The 
door 3 1 is optional and may be positioned to extend into the casting chamber 46. 
The door 3 1 is positioned for service and repair to the casting chamber 46. In 
order to best maintain the molten metal 16 and fluid in the casting chamber 46 
under pressure, the door 3 1 preferably forms a relatively air tight seal with the 
reservoir 14. The casting chamber 46 is operatively coupled to a metal supply 
furnace 48, preferably by a first supply port 50 positioned to feed the furnace 48. 

The first supply port 50 is a supply trough. The first supply port 50 is 
preferably insulated to prevent heat loss from the molten metal 16 being supplied 
by the metal supply furnace 48 to the reservoir 14. The molten metal 16 is 
preferably maintained at a generally consistent level in the casting chamber 46, 
as indicated by line L. There is preferably an enclosed fluid space 62 between 
the molten metal 16 and the cover 40 of the casting chamber 46. The second 
supply port 64 communicates with the fluid space 62 to supply the fluid to the 
casting chamber 46. 

The mold 12 of the casting apparatus 10 is preferably situated above the 
reservoir 14. The mold 12 is constructed from conventional foundry mold 12 
materials and according to conventional practices in the art. The illustrated mold 
12 includes an upper mold half or cope 18 which is joined to a lower mold half 
or drag 20 along a parting line 22. The upper mold half 18 and the lower mold 
half 20 cooperate to define a mold cavity 24. A suitable metal die, or other type 
of die, may also be used instead of the mold 12 to provide the mold cavity 24. 

The molten metal 16 is supplied to the mold 12 as described herein to 
produce a cast article (not shown) in the mold cavity 24. The cast article is 
preferably a vehicle component, although not so limited. Non-limiting examples 



of the cast article include a vehicle wheel, household goods, vehicle workpieces 
and the like. It should be understood that the cast article is preferably about the 
same shape and about the same contour as the mold cavity 24. Also, it should be 
understood that the mold cavity 24 is preferably an air tight cavity, and that the 
molten metal 16 which enters the mold 12 is contained within the mold cavity 
24. The mold cavity 24 may be vented. 

The casting appa/atus 10 includes one or more inlet feed gates 24 (only 
one of such inlet feed gates 24 illustrated in Fig. 1). The inlet feed gates 24 
extend generally upwardly from a bottom side 26 of the mold 12 and are 
operative to establish/fluid communication between the mold cavity 24 and the 
bottom side 26 of the mold 12. The inlet feed gates 28 of the mold 12 are 
supplied with the r/olten metal 16 from the casting chamber 46 through a feed 
tube 76. The inle/ feed gates 28 are provided to aid in further processing of the 
cast article after the cast article has sufficiently cooled. 

The illustrated feed tube 76 extends generally vertically upwardly from 
the casting chamber 46 of the casting apparatus 10. In the illustrated 
embodiment, the casting apparatus 10 includes a suitable distribution vessel 78 
provided between the feed tube 76 and the mold 12. The feed tube 76 and 
distribution vessel 78 are preferably heated by appropriate means and/or 
insulated to assist in maintaining the molten metal 16 to within the desired 
temperature range. The distribution vessel 78 preferably includes refractory 
walls. The feed tube 76 includes a lower bottom end 42 disposed in the casting 
chamber 46. The illustrated feed tube 76 extends preferably vertically upwardly 
from the casting chamber 46 and is coupled to a single bottom inlet 86 of the 
distribution vessel 78. The feed tube 76 is operative to establish fluid 
communication between the mold 12 and the casting chamber 46. Alternatively, 



the distribution vessel 78 can be eliminated or configured other than illustrated if 
desired. 

In the illustrated embodiment, the mold 12 is supported above the crucible 
furnace 14. The distribution vessel 78 is preferably fabricated of refractory 
material and has one or more distribution ports 90 formed therethrough. The 
distribution ports 90 preferably correspond in number, arrangement and 
approximate size to the inlet feed gates 28 of the mold 12. The particular size, 
number and arrangement of the inlet feed gates 28 and distribution ports 90 are 
largely dependent on the configuration of the cavity 24 and are selected so as to 
deliver and distribute the molten metal 16 into the mold cavity 24 at a desired 
supply fill rate. 

To supply the molten metal 16 from the casting chamber 46 into the mold 
12, a controlled amount of the fluid is supplied through the second supply port 
64, which in turn causes the molten metal 16 to move upwardly through the feed 
tube 76, through the distribution vessel 78, and into the mold 12. The fluid is 
preferably supplied under pressure, and will be presumed to be so supplied in 
this application unless otherwise indicated. The level of the molten metal 16 in 
the cavity 24 is proportional to the level of the molten metal 16 in the casting 
chamber 46, the amount of pressure being exerted on the molten metal 16 in the 
casting chamber 46, and the density of the molten metal 16, as well as other 
variables. It should be understood that by selectively controlling the amount of 
pressure in the casting chamber 46, the rate at which molten metal 16 is supplied 
to the mold 12 is selectively controlled. 

As the molten metal 16 fills the mold cavity 24, the molten metal 16 cools 
and hardens. In the illustrated embodiment, a cooling means 43 is preferably 
provided proximate the mold cavity 24 to facilitate cooling. The cooling means 
43 is preferably provided in the upper mold half 18 of the mold 12. As the 



molten metal 16 cools in the mold cavity 24, shrinkage occurs. Thus, as the 
molten metal 16 shrinks and hardens, additional molten metal 16 is preferably 
added to the mold cavity 24 to fill the mold cavity 24 to a desired level in order 
to produce the cast article. 

The casting apparatus 10 preferably includes a transducer 52. The 
transducer 52 is operative to detect the pressure in the casting chamber 46 and 
those portions of the casting apparatus 10 in fluid communication with the 
casting chamber 46. The transducer 52 is operative to produce a pressure signal 
representative of the pressure in the casting chamber 46 and those portions of the 
casting apparatus 10 in fluid communication with the casting chamber 46. The 
casting apparatus 10 preferably includes a controller 54. The controller 54 is 
operatively connected to the transducer 52 so as to receive the pressure signal 
from the transducer 52. The controller 54 is also operative to regulate the 
pressure in the casting chamber 46 and those portions of the casting apparatus 10 
in fluid communication with the casting chamber 46, as further described herein. 
The controller 54 regulates the pressure in the casting chamber 46 and those 
portions of the casting apparatus 10 in fluid communication with the casting 
chamber 46 by any suitable means. For example, the controller 54 can be 
operatively connected to the second supply port 64 so as to regulate the supply of 
the fluid through the second supply port 64 to the casting chamber 46. The 
casting apparatus 10 may also be employed to provide a desired fill profile, or 
command line or curve, as further described herein. 

Referring now to Figure 2, the inlet feed gate 28, the distribution port 90, 
and the adjacent mold cavity 24 are illustrated containing the molten metal 16. It 
will be appreciated that the volume VI of the molten metal 16 in the inlet feed 
gate 28 is less than the volume V2 of the molten metal 16 in the distribution port 
90 and the volume V3 of the molten metal 16 in the mold cavity 24. Thus, as the 



molten metal 16 passes through the inlet feed gate 28 from the port 90 into the 
mold cavity 24, turbulence can be produced. 

Referring now to Fig. 3, there is illustrated a prior art desired fill profile, 
indicated generally at 1 12. The desired fill profile 1 12, illustrated in solid line, is 
a command line or curve and preferably represents the method in which the 
molten metal 16 theoretically is supplied from the supply furnace 48, to the 
casting chamber 46, the feed tube 76, and into the mold cavity 24 of the mold 12 
(illustrated in Figs. 1 and 2). The prior art desired fill profile 1 12 is preferably 
controlled by the controller 54. The illustrated prior art desired fill profile 1 12 
illustrates the desired amounts of the molten metal 16 to be delivered to the mold 
12 produce the cast article. The control variable in the prior art fill profile is the 
pressure from the fluid that is added to the casting chamber 46 through the 
second supply port 64. Because the molten metal 16 rises in the mold 12 as the 
fluid is added to the casting chamber 46, the amount of pressure applied to the 
molten metal 16 corresponds to the length the molten metal 16 travels into the 
mold 12. Thus, it will be appreciated that the near maximum amount of pressure 
applied to the molten metal 16 in the casting chamber 46 will occur when the 
mold 12 is relatively full of molten metal 16, and the cast article in the mold 12 
is near its maximum size. Additional pressure may be applied to the molten 
metal 16 in the casting chamber 46 to accommodate shrinkage of the molten 
metal 16 as it cools. 

The illustrated prior art desired fill profile 1 12 is divided into four 
different filling stages, illustrated as stage 1, stage 2, stage 3, and stage 4. The 
prior art desired fill profile 1 12 may include any suitable number of stages. The 
filling stages 1-4 are associated with four time intervals, to to t\, t\ to t2, t2 to *3> 
and t3 to respectfully, and with four pressure change intervals, pO to pi, pi to 
p2, p2 to p3 and p3 to p4. It should be noted that the prior art desired fill profile 
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112 changes from stage 1 to stage 2, from stage 2 to stage 3, and from stage 3 to 
stage 4. The prior art desired fill profile 1 12 includes four substantially straight 
intersection line sections to represent stage 1, stage 2, stage 3, and stage 4. It 
will be appreciated that the pressure increases at all portions of the illustrated 
prior art desired fill profile 1 12 from to to t4 for the desired fill profile 112 
shown. Another prior art desired fill profile 1 12 may include one or more 
portions where the pressure remains about constant or decreases. It will also be 
appreciated that the pressure increases faster during stages 1 and 3 as compared 
to stages 2 and 4. 

Pressure Po is representative of the pressure at which the molten metal 16 
is optimally delivered to the feed tube 76. Pressure Pi is representative of the 
pressure at which the molten metal 16 is optimally delivered proximate the inlet 
feed gate 28. ?2 is representative of the pressure at which the molten metal 16 is 
optimally delivered to the mold cavity 24. P3 is representative of the pressure at 
which the molten metal 16 is optimally delivered to the mold cavity 24 when the 
cast article is cooling. P4 is representative of the pressure at the termination of 
the desired fill profile 1 12. Likewise, P], P2, and P3 are the pressures at those 
portions of the prior art desired fill profile 1 12 where the rates of the pressure 
change. Prior art Fig. 3 also illustrates a prior art actual fill profile, indicated 
generally at 1 16. The prior art actual fill profile 116 generally corresponds to the 
amount of the molten metal 16 in the mold 12 to produce the cast article. 

The prior art actual fill profile 1 16 is divided into four different filling 
stages, illustrated as stage 1, stage 2, stage 3, and stage 4. The prior art actual fill 
profile 116 may include any suitable number of stages. The filling stages 1-4 are 
associated with four time intervals, tQ to ti, ti to 12, t2 to *3> and *3 to U, 
respectfully, and with four pressure change intervals, pO to pi, pi to p2, p2 to p3 



and p3 to p4. It should be noted that the prior art actual fill profile 1 16 changes 
from stage 1 to stage 2, from stage 2 to stage 3, and from stage 3 to stage 4. 

It will be appreciated that the pressure Pq of the prior art desired fill 
profile 1 12 and the pressure Po of the prior art actual fill profile 1 16 are about 
equal. However, it will also be appreciated that, at about a point 120, the 
pressure of the prior art actual fill profile 1 16 is less than the pressure of the prior 
art fill profile 1 12 at that time. The controller 54 compensates at about a point 
124 by increasing the amount of fluid being supplied to the casting chamber 46. 
Thus, at about a point 128, the amount of fluid being supplied to the casting 
chamber 46 increases more quickly compared to the point 120. The amount of 
fluid being added to the casting chamber 46 is adjusted by the controller 54 such 
that the pressure of the prior art actual fill profile 1 16 is about the same as the 
pressure of the prior art desired fill profile 1 12 at the end of stage 1 at time 1 1 . 

It will be appreciated that as the prior art actual fill profile 116 begins 
stage 2 approximately after time ti, the prior art actual fill profile 1 16 
"overshoots" the prior art desired fill profile 1 12 at a point 132 of the prior art 
actual fill profile 116. The amount of pressure that is added to the casting 
chamber 46 is increased more slowly by the controller 54 at about time ti- The 
amount of the molten metal 16 that is being added to the mold 12 does not 
decrease immediately. Indeed, at a point 136 of the prior art actual fill profile 
1 16, the amount of the molten metal 16 flowing into the mold 12 is more than 
the amount at the point 132. At about a point 140, the amount of the molten 
metal 16 being added to the mold 12 decreases until it reaches a trough at about a 
point 144. The point 144 is below the prior art desired fill profile 1 12. Between 
about the point 140 and about a point 144, the level of the molten metal 16 in the 
mold 12 is dropping, which is undesirable. Desirably, the level of the molten 
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metal 16 in the mold 12 does not drop, but instead continues to gradually and 
smoothly rise to produce a more desirable cast article. 

At about the point 1^44, the molten metal 16 in the mold 12 "bounces" and 
creates turbulence in the inolten metal 16 in the mold 12, (as also illustrated in 
Figure 2). The molten ftietal 16 in the mold 12 reaches a relative peak at about a 
point 148 of the prior/art actual fill profile 1 16, then drops to a trough at about a 
point 152. At about/the point 152, the molten metal 16 in the mold 12 
"bounces," and creates undesirable turbulence in the molten metal 16 in the mold 
12. The molten ihetal 16 in the mold 12 reaches a relative peak at about a point 
156 of the prior/art actual fill profile 1 16, then drops to a trough at about a point 
160. At about/the point 160, the molten metal 16 in the mold 12 "bounces " and 
creates turbu/ence in the molten metal 16 in the mold 12. It should be noted that, 
though thre/ troughs, the point 144, the point 152, and the point 160 are shown 
and discus/ed, the actual fill profile 1 16 may include a different number of 
troughs in/ stage 2. 

It will be appreciated that as the illustrated prior art actual fill profile 1 16 
begins stage 3 at about the time t2, the prior art actual fill profile 116 about 
approximates the prior art desired fill profile 1 12 at about a point 164 of the 
actual fill profile 1/16. At about a point 172 of the prior art desired fill profile 
1 12, the pressureA)f the prior art actual fill profile 1 16 is less than that of the 
prior art desired fill profile 112. The controller 54 compensates at about a point 
272 by increasing the amount of fluid being added to the casting chamber 46. 
The amount M fluid being added to the casting chamber 46 is adjusted by the 
controller 34 such that the pressure of the prior art actual fill profile 1 16 is about 
the same/as the pressure of the prior art desired fill profile 1 12 at the end of stage 
3 at tirn4t3. 
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It will be appreciated that as the illustrated prior art actual fill profile 1 16 
begins stage 4 approximately after time t3, the prior art actual fill profile 
"overshoots" the desired fill profile 1 12 at a point 180 of the prior art actual fill 
profile 116. Thus, the controller 54 is operative to decrease the amount of fluid 
that is being added to the casting chamber 46 approximately after time t3. But, 
the amount of molten metal 16 that is being added to the mold 12 does not 
decrease immediately due to the momentum of the molten metal 16. Thus, at a 
point 184 of the prior art actual fill profile 116, the amount of the molten metal 
16 flowing into the mold 12 is more than at the point 180. 

At about a point 188, the amount of the molten metal 16 being added to 
the mold 12 decreases. The amount of the molten metal 16 being added to the 
mold 12 decreases until it reaches a trough at about a point 192. The point 192 is 
below the desired fill profile 1 12. Between the point 188 and the point 192, the 
level of the molten metal 16 is dropping in the mold 12, which is undesirable. 
Desirably, the level of the molten metal 16 in the mold 12 does not drop, but 
instead continues to gradually and smoothly rise to produce a more desirable cast 
article. At about the point 192, the molten metal 16 in the mold 12 "bounces," 
and creates turbulence in the molten metal 16 in the mold 12. The molten metal 
16 in the mold 12 reaches a relative peak at about a point 196 of the prior art 
actual fill profile 116, then drops to a trough at about a point 200. At the point 
200, the molten metal 16 in the mold 12 "bounces" and creates turbulence in the 
molten metal 16 in the mold 12. 

The molten metal 16 in the mold 12 reaches a peak at about a point 204 of 
the prior art actual fill profile 1 16, then drops to a trough at a point 208. At 
about the point 208, the molten metal 16 in the mold 12 "bounces" and creates 
turbulence in the molten metal 16 in the mold 12. The molten metal 16 in the 
mold 12 reaches a peak at about a point 212 of the prior art actual fill profile 1 16, 
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then drops to a trough at about a point 216. At about the point 216, the molten 
metal 16 in the mold 12 "bounces" and creates turbulence in the molten metal 16 
in the mold 12. 

At about a point 220, the maximum amount of metal to be added to the 
mold 12 is reached. It should be noted that, though four troughs, the point 192, 
the point 200, and the point 208, and the point 216 are shown and discussed, the 
prior art actual fill profile 1 16 may include a different number of troughs in stage 
4. The structure of the casting apparatus 10 and the method for filling the 
casting apparatus 10 thus far described is conventional in the art. 

Referring now to Fig. 4, there is illustrated a desired fill profile, indicated 
generally at 240, in accordance with the present invention. The desired fill 
profile 240 is illustrated in solid line. The desired fill profile 240 is a command 
line or curve, and preferably represents the way in which the molten metal 16 
theoretically fills the casting chamber 46, the feed tube 76, and the mold cavity 
24 of the mold 12. The desired fill profile 240 is preferably generated by the 
controller 54. The illustrated desired fill profile 240 represents the desired rates 
at which the mold 12 will be filled with molten metal 16 to produce the cast 
article. The control variable is the pressure from the fluid that is added to the 
casting chamber 46 through the second supply port 64. Because the molten 
metal 16 rises in the casting apparatus 10 as the fluid is added to the casting 
chamber 46, the amount of pressure applied to the molten metal 16 corresponds 
to the length the molten metal 16 travels into the mold 12. Thus, it will be 
appreciated that the near maximum amount of pressure applied to the molten 
metal 16 in the casting chamber 46 occurs when the mold 12 is relatively full of 
molten metal 16, and the cast article in the mold 12 is near its maximum size. 
Additional pressure may be applied to the molten metal 16 in the casting 
chamber 46 to accommodate shrinkage of the molten metal 16 as it cools. 
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The illustrated desired fill profile 240 can be divided into filling stages, 
illustrated as stage 1, stage 2, stage 3, and stage 4. The desired fill profile 240 
may include any suitable number of stages. The filling stages 1-4 are associated 
with four time intervals, tQ to ti, ti to t2, t2 to t3, and 13 to 14, respectfully, and 
with four pressure change intervals, p0 to pi, pi to p2, p2 to p3 and p3 to p4. It 
should be noted that the desired fill profile 240 includes "smooth" transitions 
from stage 1 to stage 2, from stage 2 to stage 3, and from stage 3 to stage 4. It 
will be appreciated that the pressure increases at all portions of the illustrated 
desired fill profile 240 from tQ to X4. It will also be appreciated that the pressure 
increases faster during stage 1 and stage 3 compared to stage 2 and stage 4. 

Pq is representative of the pressure at which the molten metal 16 is 
optimally delivered to the feed tube 76 (illustrated in Figure 1). Pi is 
representative of the pressure at which the molten metal 16 is optimally delivered 
proximate the inlet feed gate 28. ?2 is representative of the pressure at which the 
molten metal 16 is optimally delivered to the mold cavity 24. P3 is 
representative of the pressure at which the molten metal 16 is optimally delivered 
to the mold cavity 24 when the cast article is cooling. P4 is representative of the 
pressure at the termination of the desired fill profile 240. Likewise, P], P2, and 
P3 are the pressures at those portions of the desired fill profile 240 where the 
rates of pressure change. 

The present invention also includes an actual fill profile, indicated 
generally by dotted line 256. The actual fill profile 256 generally corresponds to 
the amount of the molten metal 16 in the mold 12 to produce the cast article. 
The molten metal 16 is delivered to the mold 12 as a controlled amount of the 
fluid is supplied through the second supply port 64, which in turn cause the 
molten metal 16 to move upwardly into the mold 12. 
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The actual fill profile 256 is divided into four different filling stages, 
illustrated as stage 1, stage 2, stage 3, and stage 4. The actual fill profile 256 
may include any suitable number of stages. The filling stages 1-4 are associated 
with four time intervals, to to X\, t\ to t 2 , t 2 to t 3 , and t 3 to t 4j respectfully, and 
with four pressure change intervals, pO to pi, pi to p2, p2 to p3 and p3 to p4. It 
should be noted that the actual fill profile 256 changes from stage 1 to stage 2, 
from stage 2 to stage 3, and from stage 3 to stage 4. 

It will be appreciated that the Po of the desired fill profile 240 and the Pq 
of the actual fill profile 256 are about equal. However, it will also be appreciated 
that, at about a point 268, the pressure of the actual fill profile 256 is less than 
that of the desired fill profile 240. Between a point 268 and a point 276, the fluid 
is added to the casting chamber 46 at a first rate. Stage 1 ends at about the point 
276 at about time t[. During stage 1, the mold 12 is filled by delivering the 
molten metal 16 from the casting chamber 46 to the mold 12 at a preselected first 
rate. In particular, during a relatively straight portion of the actual fill profile 
256 in stage 1, the filling of the mold 12 is selectively controlled by introducing 
the fluid into the casting chamber 46 at the first rate, which allows the molten 
metal 16 to rise at the first rate. During an acceleration portion of stage 1, the 
molten metal 16 is accelerated up to the desired fill rate for stage 1. The 
acceleration portion of stage 1 includes the relatively curved portion of the actual 
fill profile 256 at about the point 268. 

During stage 2, the fluid is added to the casting chamber 46 at a second 
rate. In particular, during stage 2, the filling of the mold 12 is selectively 
controlled by introducing the fluid into the casting chamber 46 at a preselected 
second rate. As is indicated by the steeper slope of the stage 1 portion of the 
actual fill profile 256 compared to the stage 2 portion, the mold 12 is filling more 
slowly with molten metal 16 during stage 2. It will be appreciated that the rate at 
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which the mold 12 is filling at a point 280 is less than the rate at which the mold 
12 is filling at the point 272. As a result of this, a smooth transition in the filling 
of the mold cavity 24 occurs at the transition from the end of stage 1 to the 
beginning of stage 2. Stage 2 ends at about the point 284, at about time tj* 

During stage 3, the fluid is added to the casting chamber 46 at a third rate. 
In particular, during stage 3, the filling of the mold 12 is selectively controlled by 
introducing the fluid into the casting chamber 46 at the preselected third rate. As 
is indicated by the steeper slope of the stage 3 portion of the actual fill profile 
256 compared to that of the stage 2 portion, the mold 12 is filling more slowly 
with molten metal 16 during stage 2. It will be appreciated that the rate at which 
the mold 12 is filling at the point 280 is less than the rate at which the mold 12 is 
filling at a point 288. Likewise, as discussed above, the transition from stage 2 
to stage 3 is a smooth transition. Between the point 280 and a point 284, the 
fluid is added to the casting chamber 46 at the third rate. Stage 3 ends at about 
the point 292, at about time t3- 

During stage 4, the fluid is added to the casting chamber 46 at a fourth 
rate. In particular, during stage 4, the filling of the mold 12 is selectively 
controlled by introducing the fluid into the casting chamber 46 at the preselected 
fourth rate. Between the point 292 and the point 300, the fluid is added to the 
casting chamber 46 at the fourth rate. As is indicated by the steeper slope of the 
stage 3 portion of the actual fill profile 256 compared to that of the stage 4 
portion, the mold 12 is filling more slowly with molten metal 16 during stage 4. 
It will be appreciated that the rate at which the mold 12 is filling at a point 296 is 
less than the rate at which the mold 12 is filling at the point 288. Likewise, the 
transition from stage 3 to stage 4 is a smooth transition. 

Stage 4 ends at about the point 300 at about time t4- At the point 300, the 
maximum amount of molten metal 16 to be added to the mold 12 is reached. It 
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should be understood that the slope of the actual fill profile 256 during any 
particular stage or portions thereof during the mold cavity filling process may 
vary or be other than illustrated. In general, the lesser slope generally 
corresponds to a portion of the cast article that desirably is less porous and is a 
function of the geometry of the cast article. 

In accordance with the preferred embodiment of the present invention, the 
desired fill profile 240 is provided to the casting apparatus 10 by the controller 
54. It will be appreciated that the desired fill profile 240 defines a generally 
rounded command line compared to the command line curve of the prior art 
desired fill profile 1 12 illustrated in Figure 3, particularly around the pressures 
Pb P2> p 3 and p 4 at the respective times ti s 1 2? t 3j and t4 of the desired fill 
profile 240. The generally rounded regions of the command line curve of the 
desired fill profile 240 around the times ti and 13 illustrate that the molten metal 
16 is gradually decelerating as the molten metal 16 enters the mold 12 at 
approximately that time. The generally rounded region of the desired fill profile 
240 around the time t 2 illustrate that the molten metal 16 is gradually 
accelerating as the molten metal 16 enters the mold 12 at approximately that 
time. It will be appreciated that the gradually decelerating and gradually 
accelerating portions of the desired fill profile 240 produces less "overshoots" 
and "bounces" in the actual fill profile 256 of Fig. 4 compared to the prior art 
actual fill profile 116 of Fig. 3. 

It should be noted that the actual fill profile 256 of Fig. 4 and the prior art 
actual fill profile 1 16 of Fig. 3 differ in that the actual fill profile 256 of Fig. 4 
does not "overshoot" its corresponding desired fill profile 240. Likewise, the 
actual fill profile 256 of Fig. 4 does not produce the "bounce" and turbulence 
illustrated and described above in connection with prior art Fig. 3. Without 
wishing to be bound by theory, it is believed that the filling method according to 
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the present invention allows the kinetic energy of the molten metal 16 to 
dissipate in the casting apparatus 10 in a selectively controlled manner. As a 
result of this, the turbulence is reduced in the filling of the mold 12 with the 
molten metal 16 according to the present invention. 

Referring now to Fig. 5, a more desirable cast article may be formed by 
providing for feedback between the transducer 52 of the casting apparatus 10 and 
the controller 54. As shown therein, a portion of a desired fill profile is indicated 
generally at 304. The desired fill profile 304, illustrated in solid line, is a 
command line or curve, and preferably represents the way in which the molten 
metal 16 theoretically fills the casting chamber 46, the feed tube 76, and the 
mold cavity 24 of the mold 12 in order to produce the cast article. The desired 
fill profile 304 is preferably generated by the controller 54. The illustrated 
desired fill profile 304 illustrates the desired amounts of the molten metal 16 to 
be delivered to the mold 12 to produce the cast article. The control variable is 
the pressure from the fluid that is added to the casting chamber 46 through the 
second supply port 64. 

The illustrated desired fill profile 304 can be divided into one or more 
filling stages, each filling stage corresponding to a selected time interval. Stage 
1 of the desired fill profile 304 is illustrated. It should be understood that the 
invention may be practiced at any suitable stage of the desired fill profile 304. 
Between the time t\ and the time t, the desired fill profile 304 indicates that the 
molten metal 16 is optimally moved at a first rate of pressure. Between the time 
t2 and the time t3, the desired fill profile 304 indicates that the molten metal 16 
is optimally moved at a second rate of pressure. Between the time and the 
time t4, the desired fill profile 304 indicates that the molten metal 16 is optimally 
moved at a third rate of pressure. It will be appreciated that a dotted line 308 is 
shown and is representative of how the molten metal 16 is moved at the first rate 



-20- 



« 



of pressure, if the desired fill profile 304 does not change at the time t2- The 
dotted line is approximately collinear with the portion of the desired fill profile 
304 between the time ti and the time t2- 

Fig. 5 also illustrates an actual fill profile or command line, indicated 
generally at 3 12, which generally corresponds to the amount of molten metal 16 
in the mold 12 to produce the cast article. The molten metal 16 is delivered to 
the mold 12 as a controlled amount of the fluid and is supplied through the 
second supply port 64, which in turn moves the molten metal 16 upwardly into 
the mold 12. The actual fill profile 3 12 can be divided into one or more filling 
stages, each filling stage corresponding to a selected time interval. Stage 1 of the 
actual fill profile 312 is illustrated in Fig. 5. 

Between the time ti and the time t2, the position of the actual fill profile 
312 indicates that the mold 12 is filling at a rate slower than the first rate of 
pressure prescribed by the desired fill profile 304 during the same time period. 
The transducer 52 detects the pressure in the casting chamber 46 and those 
portions of the casting apparatus 10 in fluid communication with the casting 
chamber 46. At about the time t2, the transducer 52 sends a signal representative 
of the pressure in the casting chamber 46 and those portions of the casting 
apparatus 10 in fluid communication with the casting chamber 46 to the 
controller 54. At about the time t2, the controller 54 responds by changing the 
desired fill profile 304. The desired fill profile 304 is changed in that the desired 
fill profile 304 does not continue at the first rate of pressure. Instead, the desired 
fill profile 304 is changed to move the molten metal 16 at the selected second 
rate of pressure. 

It should be understood that the slope of the actual fill profile 312 during 
any particular stage or portion or the filling process may vary. In general, the 
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lesser slope generally corresponds to a portion of the cast article that desirably is 
less porous and is a function of the geometry of the cast article. 

It should be noted that the actual fill profile 3 12 of Fig. 5 and the actual 
fill profile 1 16 of Fig. 3 differ in that the actual fill profile 312 of Figure 5 does 
not "overshoot" its corresponding desired fill profile 304. Likewise, the actual 
fill profile 312 of Fig. 5 does not produce the "bounce" and turbulence noted in 
Fig. 3. Without wishing to be bound by theory, it is believed that the filling 
method according to the invention allows the kinetic energy of the molten metal 
16 to dissipate in the casting apparatus 10 in a controlled manner. This reduces 
the turbulence in the filling of the mold 12 with the molten metal 16. 

The principle and mode of operation of this invention have been described 
in its preferred embodiments. However, it should be noted that this invention 
may be practiced otherwise than as specifically illustrated and described without 
departing from its scope. 
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